The present invention was undertaken to study and determine the effect of potassium metabisulphite (6%) and potassium sorbate (350 ppm) treatments on the nutritional quality of osmotically-dehydrated, infrared-and microwave-blanched dried mango slices (local cultivars "Chaunsa" and "Fajri") stored for the period of 6 months under ambient conditions. The studied parameters included physical characteristics such as water activity, non-enzymatic browning, and color values, chemical parameters such as moisture, ash, fi ber, acidity and content of proteins, sugars, vitamin C, total carotenoids, and sensory attributes such as appearance, fl avor and texture. Vitamin C content in osmotically-dried mango slices was higher than that of IR and MW blanched dried mango slices but the content of vitamin C of both cultivars was lower than of the fresh mango samples (Chaunsa: 135 mg/100 g, Fajri: 94 mg/100 g). Signifi cant loss was noticed in total carotenoids content of both the cultivars with passage of time because of their susceptibility to oxidative loss caused by dry heat. No growth of yeast and mold was detected in potassium sorbate-treated dried mango slices due to their preservative effect. From the point of view of the composition and sensory quality, dried mango slices of both the cultivars have excellent nutritional qualities.
INTRODUCTION
Mango (Mangifera indica L.) is one of the most important tropical fruits having a distinct and attractive color and aroma that has been commercialized worldwide in fresh or processed form. The global production of mango is accounting for nearly 50% of world tropical fruit production [Singh et al., 2000; Slavin & Lloyd, 2012] . Mango is a rich source of many nutrients and bioactive compounds like: carotenoids, vitamin C, phenolics, dietary fi ber, carbohydrates, and minerals such as potassium, iron and calcium. It has been of interest and essential to human health and nutrition to prevent many deceases like cardiovascular and neurogenerative diseases and cancer (respiratory system, lungs). Fiber is important for normal functioning of the gastrointestinal tract; also it lowers the risk of cardiovascular and coronary heart diseases as well as maintains the normal body weight [Hopping et al., 2010; Lemmens et al., 2013; Rincon & Kerr, 2010; Slavin, 2013; Sogi et al., 2012] .
Shelf-life enhancement and reduction of postharvest loses of fruits is usually done by the air drying preservation method. However, the quality of dried products, such as color, fl avor, texture, rehydration capacity and nutrient contents, are negatively affected by long drying time or high temperature. Carotenoids and vitamin C are most sensitive compounds to heating procedures. Prior to air drying of fruits, pretreatment such as blanching and osmotic dehydration (OD) are commonly used to preserve the quality of fruits [Ghosh et al., 2012; Guiamba & Svanberg, 2016] . Besides the advantages of OD, the leaching of water soluble components such as vitamins, minerals and organic acids may be extensive during OD and it can also be detrimental to sensory and nutritional values of dried fruits [Chandra & Kumari, 2015; Yadav & Singh, 2014] . The method of blanching is frequently used in fruit processing to avoid enzymatic reactions by polyphenol oxidase (PPO) and ascorbic acid oxidase (AAO) enzymes. Through the browning reaction, PPO affects the appearance and organoleptic properties of fruits by oxidation of phenolic compounds to quinones while AAO converts L-ascorbic acid (LAA) to dehydroascorbic acid (DHAA) by oxidation, subsequently inducing the loss of vitamin C. Dry blanching such as infrared (IR) and microwave (MW) electromagnetic radiation is emerging to process the fruits as an alternative to the conventional water blanching to minimize the loss of water-soluble compounds and it also improves the nutritional value of processed fruits [Holzwarth et 
MATERIALS AND METHODS
Sample collection and preparation Two mango cultivars (local names "Chaunsa and Fajri") were bought from shelves in the capital city Lahore (31°33'16.58"N, 74°21'25.77"E), Punjab, Pakistan. 24 kg of Fajri (FJR) mangoes and 16 kg of Chaunsa (CHS) mangoes were washed, manuallypeeled and cut into 6-8 cm long and 2 cm thick mango slices. 14.4 kg of FJR and 8 kg of CHS mango slices were distributed into 3 lots separately.
Blanching procedures and treatment of blanched slices
Mango slices were blanched using near infrared radiation (IR) or microwaves (MW). The LEQUIP IR D5 dehydrator (China) was used for IR blanching. IR output power systematically changed and power sequence to maintain the temperature of 90°C for 2 min was as follows: IR output 100%, IR heat refl ux 14.3 kW/m 2 , blanching time 72 s, and IR output 30%, IR heat refl ux 4.4 kW/m 2 , blanching time 48 s. Microwave (MW) blanching using Microwave lab station (Milestones, Italy) was conducted at 1350 W/120s to maintain the temperature of 90°C for 2 min [Eliasson et al., 2014; Guiamba & Svanberg, 2016] . Afterwards, the blanched slices were dipped in 6% potassium metabisulphite (KMS) for 40 min and in a 350 ppm solution of potassium sorbates (PS) for 10 min. The samples not dipped in KMS and PS were considered the control samples. The ratio of mango slices to the dipping solution was 1:2. The slices were further dried at 60±5°C for 7 h in a hot air oven (Vision Scientifi c, Korea) to a constant weight for fi nal product preparation. In addition, new portion of mango slices was immersed in KMS or PS (without IR and MW blanching) and osmotically dehydrated (OD). A sugar solution (45° Brix) was prepared by dissolving the refi ned sugar purchased from the local market of Lahore and refractive index (Fisher Scientifi c™ Refractometer, UK) was measured. The samples were dehydrated osmotically at 25°C for 15 h then hot air dried at 50°C for 5 h.
Packaging and storage
High density polyethylene (HDPE) having 60 μm thicknesses was used to pack the dried mango slices, that were then sealed with the help of an impulse heat sealer. Each package contained 100 g of dried slices and all packages were stored in an environmental test chamber (Sanyo, Japan) at 27±2°C temperature and 55±10% relative humidity for the period of 6 months.
Physiochemical and microbiological analysis
The dried mango slices were analysed for moisture, ash and fi ber contents, acidity, sugars (total, reducing and nonreducing sugars) ascorbic acid, protein, non-enzymatic browning (as optical density) and total carotenoids by AOAC methods and methods reported earlier [ 
Sensory evaluation
To judge the acceptability and sensory qualities of the product, the dried mango slices were presented to a trained panel of seven judges (4 males and 3 females) to evaluate a total of 13 sensory attributes: 3 attributes of appearance like skin, pulp colors and evenness of color; 6 attributes of fl avor like bitterness, fruity, sweetness, burnt, woody, after taste; and 4 attributes of texture such as skin residues, juiciness, hardness and tooth-packing. The 0-10 numerical scale with increments of 1 was used to quantify the intensity of attributes, where 0 represents none and 10 extremely strong according to the method described by Meilgaard et al. [2006] .
Statistical analysis
SPSS version 15 (SPSS Inc., Chicago, IL, USA) for Windows was used for the statistical analysis; the main effects viz. treatments, blanching (fi xed factor) and months (random factor) were evaluated by using the analysis of variance (ANO-VA). Means and interactions were determined by general linear models (GLM) at a 95% level of signifi cance (P<0.05) for each cultivar respectively and post hoc test was performed for multiple comparisons.
RESULTS AND DISCUSSION

Physiochemical properties
The results of a w are presented in Table 1 at the initial stage (0 month) and after 3 and 6 months of storage. The a w of dried mango slices for both the cultivars increased significantly (p<0.05) during the storage for 6 months. For CHS cultivar, no signifi cant difference (p<0.05) was observed among the blanching techniques and treatments as well as the interaction of blanching with treatment. For FJR cultivar, a signifi cant difference (p<0.05) was observed for factors (blanching technique, treatments, and storage) as well as for the interaction of blanching and storage and no signifi cance different observed for the interaction of blanching technique with storage. The infl uential factor for food evaluation by consumers is its color in spite of good taste and fl avor, off color of food products is often unacceptable. The effect of osmotic dehydration, IR and MW blanching on the color of dried mango slices was evaluated. The L, a and b color values of dried mango slices are presented in Table 1 . No signifi cant effect among the blanching technique (p<0.05) was Signifi The mean value of non-enzymatic browning recorded for KMS-treated dried mango slices (both cultivars) after 6-month storage was lower as compared to the PS-treated and control (untreated) samples. A signifi cant difference (p<0.05) was found for non-enzymatic browning between treated and untreated (control) dried mango slices. The lower value of non-enzymatic browning for KMS-treated dried mango slices might be due to the antioxidant effect of KMS. Sulphites have been reported as non-enzymatic and enzymatic browning inhibitors. A signifi cant effect (p<0.05) of storage was also observed on non-enzymatic browning while no signifi cant difference was found among the blanching techniques for both the cultivars. The moisture content in both the cultivars of dried mango slices was increasing with time and this increase might be due to the higher permeability of HDPE bags to moisture [Sra et al., 2014] . The increment in moisture content was signifi cant (p<0.05) for CHS cultivar, while no signifi cant (p<0.05) effect was observed in the case of FJR cultivar. The moisture content increment in CHS cultivar was not signifi cantly affected by the blanching technique but a signifi cant effect was observed for FJR cultivar ( Table 1 ). The mean value of ash content was found to range between 3.2-3.3% and 3.8-3.9% (Table 2) for CHS and FJR cultivar, respectively, while the mean values of fi ber and protein content were 1.9% and 1.06-1.08% (Table 2) , respectively, for both the cultivars. No signifi cant difference was observed in ash, fi ber and protein contents as affected by storage period, blanching technique and treatment. Signifi cant decline (p<0.05) in acidity was noticed during the storage ( Table 1 ). The decrease in acidity might be due to the biochemical interaction in bind- . CHS cultivar has higher sugar contents than the FJR cultivar and signifi cant differences in sugar contents (reducing sugar, non-reducing sugar, total sugar) were noticed for treatments, storage, blanching technique and among the interaction of these variables. Mean content of reducing sugars increased signifi cantly (p<0.05) for both the cultivars during storage. The reducing sugar increment in treated dried mango slices is attributable to slow inversion of starch and non-reducing sugars into reducing sugars. The increase in reducing sugar and a decrease in non-reducing sugar was signifi cantly affected (p<0.05) by treatments (KMS, PS and untreated). Total sugar retention in KMStreated dried mango slices was signifi cantly higher than in the PS-treated ones. It is evident that KMS helped in lowering the inversion of non-reducing sugars to reducing sugars and had a benefi cial effect on the retention of total sugars. Total sugars reduction in dried mango slices indicates the possibility of their browning and biochemical reactions [Sra et al., 2014] . The contents of ascorbic acid (vitamin C) for both cultivars after OD, IR and MW blanching are presented in Table 2 . The vitamin C retention in OD mango slices was higher than in the IR and MW blanched dried mango slices but the retention of vitamin C content of both cultivars was observed to be lower than in the fresh mango samples (CHS: 135 mg/100 g, FJR: 94 mg/100 g). This loss was attributed to leaching and chemical degradation of vitamin C to the osmotic solution and drying process [ArayaFarias et al., 2014; Yadav & Singh, 2014] . The treatment of dried mango slices had a signifi cant (p<0.05) effect on the retention of vitamin C. The KMS-and PS-treated dried mango slices had higher retention of vitamin C as compared to the untreated dried mango slices. The higher retention of vitamin C in the KMS-treated dried mango slices was attributed to its antioxidative potential as compared to the PS which prevents the conversion of ascorbic acid to dehydroascorbic acid. Retention of vitamin C in MW blanched dried mango slices was signifi cantly higher (p<0.05) than in the IR blanched dried mango slices and these results are in agreement with previous fi ndings made for vegetables blanched . The total content of β-carotenoids is the sum of all trans and cis carotenoids and not much studies are still available in literature for their stability at IR and MW blanching. A signifi cant loss (p<0.05) was noticed in β-carotenoids contents of both the cultivars with passage of time. Carotenoids are susceptible to oxidative loss caused by dry heat which is responsible for this loss during storage. Treatments of dried mango slices had a signifi cant (p<0.05) effect on the retention of carotenoids. Carotenoids destruction rate reduced in sulphite-treated dried mango slices due to the protective effect of SO 2 . Total carotenoid content in OD mango slices was bit higher than in the IR and MW blanched dry mango slices, which may be associated with its hydrophobic characteristics. Carotenoids are prone to isomerization due to their highly unsaturated structure and this phenomenon becomes more pronounced during processing and storage [Qian et al., 2012] . The retention of SO 2 was signifi cantly affected (p<0.05) during storage of dried mango slices, a substantial amount of SO 2 was lost over the 6-month storage period ( Figure 1 ) and this loss in SO 2 was also due to its leakage from HDPE bags. The loss of SO 2 was up to 25.0% in the fi rst three months in both the cultivars and in the last three months it was up to 13.5%. PS concentration was also signifi cantly decreased (p<0.05). It was lost up to 4 fold at 6 months (Figure 1 ) of storage time and this loss is attributed to the oxidation of PS. The permeable nature of HDPE accelerates the PS oxidation [Sra et al., 2014] .
Sensory evaluation
In total, 13 sensory attributes were evaluated for dried mango slices of both cultivars after the storage period of 6 months. The organoleptic scores did not vary signifi cantly with treatments and blanching techniques. It is evident from Figure 2 that the appearance of dried mango slices after 6-month storage did not show any signifi cant differences among the color properties viz. skin color, pulp color and evenness of color. The OD samples received 7-8 score while the IR and MW blanched samples received 6-7 score for all appearance attributes. Figure 3 describes the fl avor profi le of dried mango slices, again the OD samples achieved the highest score for sweetness and juiciness (7) (8) . In the IR and MW blanched samples, burnt (2), bitterness (3), woody (3), after taste (3) fl avors were noticed regardless the treatment. The dried mango slices of both cultivars had the same intensity of texture attributes (Figure 4) . The IR and MW blanched samples had a higher tooth packing intensity (3-4) as compared to the OD samples (2) . Juiciness prevailed in the OD samples (8) , while skin residue and hardness scores were higher in the IR and MW blanched samples than in the OD samples of both cultivars. From the sensory point of view it was concluded that both the cultivars of mango are suitable for preparation of dry slices.
Microbiological analysis
Slight variation in microbial counts was noticed in KMS, PS and untreated dried mango slices. A very low count was detected, which might be due to the preservative effect of SO 2 and PS. Also the a w ranged between 0.63 and 0.71 during 6-month storage at which the growth of organisms was not possible. In addition, in the range of 9-12 and 11-25 cfu/g yeast and mold count was observed in the untreated dried mango slices respectively, while 1-8 cfu/g yeast was detected in KMS-treated dried mango slices and no growth of yeast and mould was detected in PS-treated dried mango slices ( Table 3 ). The yeast and mold counts detected in present study for dried mango slices were below the permissible limit set by the International Commission for Microbial Specifi cations for Foods [Sra et al., 2014] .
CONCLUSIONS
It was concluded that under the ambient conditions the dried mango slices can be stored for the period of 6 months. Between the treatments applied in the study, i.e. IR and MW blanching followed by immersion in KMS and PS as well as OD, the 6% KMS treated samples resulted in better preservation of physiochemical characteristics during storage. From the microbiological point of view, all the dried mango slices of the cultivars were safe. On the other hand, the OD samples had better retention of β-carotenoids and vitamin C while MW blanched samples showed higher retention of vitamin C than IR blanched samples. Consequently, both the cultivars of mango have excellent nutritional qualities and consumer will enjoy eating these dried mango slices because of their adequate sensory quality.
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